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Section S1. Surface characterization of Fe/Re(0001)-O(2 × 1) Section S2. Universal topological nature of Fe islands/Re-O hybrid system Section S3. Deconvolution procedure of the tunneling spectra for the superconductorsuperconductor tunnel junctions Section S4. Theoretical method Section S5. Magnetic structure of the Fe island and topological superconductivity. Section S6. Evolution of topological Majorana modes in a generic topological superconductor fig. S1A . In general, it is not possible to identify the relative positions of the Fe-and O-atoms with respect to the Re surface atoms from the STM images. However, DFT studies (21) suggest that the O-atoms are located above the hcp hollow sites of the Re(0001) surface, forming a p(2×1) structure (see Fig. 1D of the main text). This is confirmed by a surface profile ( fig. S1B , along the blue line in fig. S1A ) which reveals a periodicity of 2·a Re ·cos(30°) = 0.47 nm as expected for the oxygen-induced p(2×1) structure with the lattice constant of the Re (0001) fig. S2 we present another example of an Fe island located on the Re(0001)-O(21) surface different from the one presented in the main text. Even though the Fe island shows a different geometric shape, the topological edge mode is clearly visible in the differential conductance map at the Fermi energy and it shows identical topological features as the Fe island in the main text. Note that a superconducting Nb tip was used to obtain the spectroscopic results shown in fig. S2 whose gap size ( Nb = 0.85 meV) is different from the one used for the results of the Fe island as described in the main text ( Nb =1.41 meV). This clearly indicates that the main result of this study, the observation of a topological edge mode in Fe islands located on a Re-O(2×1) surface, is a universal feature that is not tied to a specific Fe island or particular type of tip.
Section S3. Deconvolution procedure of the tunneling spectra for the superconductorsuperconductor tunnel junctions
In the STM configuration, the tunneling current ( ) through the STM junction is proportional to the convolution of the tip density of states (TDOS, ρ (E)), surface density of states (SDOS, ρ (E)), and the Fermi-Dirac distribution function ( ( , )). Therefore, the tunneling current and the differential tunneling conductance are expressed by
where T is the temperature of the system. Here, in this study, we were using a superconducting Nb tip to improve the energy resolution of the tunneling spectroscopy measurements. We assume a conventional BCS-type DOS for both the tip and the surface with the superconducting gaps of the tip and surface (∆ , ∆ ) and the broadening parameter  (33) as given by
We find ∆ , ∆ and  values of 1.41 (0.86) meV, 0.28 (0.30) meV and 0.023 (0.020) meV at the effective temperature, T eff = 0.4 K, by fitting the spectra obtained on the oxidized Re surface (the bare Re surface) away from the Fe island, and by considering the ac modulation of 20 µV rms used for the spectroscopic measurements (Fig. 1E and 4B, black) . To extract the SDOS from the measured tunneling spectra using the superconducting Nb tip, it is necessary to deconvolute the SDOS from the measured spectra based on known information about the tip. As a mathematical approach for this procedure, we use a similar method as described in Ref. (34). The Eq. (S2) is in the form of a Fredholm integral equation of the first kind
where ( ) is the measured spectrum with an error ( ), ( , ) is the known function, which can be calculated with the assumed TDOS, and are finite integration limits and ℎ( ) is the unknown function to be found as the SDOS. This integral form can be rewritten in the discrete form of the linear equations (35)
The matrix is defined by
Here, the matrix elements of A can be obtained by considering Eq. (S2)
We find the solution in the sense of minimization of the error by satisfying the quantity (36),
Then this equation can be written in the matrix form, * + ℎ = 0
Here * is a transpose of and represents the matrix as given by 
We assume h(x) to be a smooth function and introduce an adjusting parameter γ as a prefactor of the matrix , which is defined to minimize the numerical errors in the solution (36). Finally, eliminating of between Eq. (S5) and Eq. (S9), we can obtain the column vector of the deconvoluted spectrum by applying the operation into the column vector of the measured spectrum as given by
As the parameter  is a key parameter to derive the deconvoluted LDOS from the raw data by minimizing the errors in the solutions, we present the deconvoluted spectra and LDOS maps by varying the parameter  for the raw data of the Fe island on the oxidized Re surface (Fig. 2 in the main-text) in fig. S3 . In the procedure, a small  induces oscillatory errors in the deconvoluted solutions. This error can be reduced by increasing . We have chosen the minimum , which removes the oscillatory errors in the deconvoluted LDOS. Note that the qualitative nature of the energy dependent LDOS maps does not depend on the parameter , if  is close to the optimized value with reasonable spectral shapes in the spectra. For example, the deconvoluted results in fig.  S3D and fig. S3E are almost identical. We found an optimized parameter  of 7.25 for the deconvoluted results in Fig. 1F and Fig. 2G -L, which is the minimum value to remove the oscillatory numerical error in the results. All deconvoluted spectra ( Fig. 1F and 4C ) and differential tunneling conductance maps (Fig. 2G-L and Fig. 4I-K) in the main text are computed by applying the method described above. Note that we calculate the transform matrix in Eq. (S11), whose matrix elements are related to the TDOS whenever the measurements were performed with different tips because the superconducting gap of the Nb tip strongly depends on the condition of the tip apex, i.e. its crystalline structure and shape (37).
Section S4. Theoretical Model
To investigate the electronic structure of the Fe/Re(0001)-O(2×1) hybrid systems, we employ a Slater-Koster (38) tight-binding Hamiltonian which models the Re bulk system with the relevant surface structure as a two-dimensional system. The resulting Hamiltonian is given by 
and similarly for r † . The electron creation operators r † ( r † ) create an electron in the Fe 3d orbitals (Re 5d orbitals) at site r. and describe the hopping and on-site interaction parameters, respectively. The hopping interactions are given by
where and are Pauli matrices acting on particle-hole and spin degrees of freedom respectively, are the Slater Koster matrices for , , and bonds between d orbitals, are the tight-binding hopping integrals, and is the Rashba spin-orbit coupling. For the results shown in the main text, the lattice structure of the above Hamiltonian (which determined the form of ) is shown in Fig. 1D of the main text. The on-site interactions are given by where is the chemical potential, is the spin-orbit coupling, is the superconducting s-wave order parameter, and J is the magnetic exchange coupling. Explicitly, the spin-orbit term is given by 
We use a constant pairing term between orbitals of opposite , i.e. 0 ) where the sign difference between the order parameters in the Δ and Δ on one hand, and Δ , Δ 2 − 2 and Δ 3 2 − 2 is due to = (−1) − . We fix the superconducting order parameter of iron and rhenium, such that the energies of the coherence peaks match the experimentally measured ones, and scale down the band parameters for iron (39) to 0.8% and rhenium (39) to 10% of the original theoretical values such that the coherence length also matches the experimental values. We use the hopping integrals from rhenium scaled by 1/10 for the hopping integrals between iron and rhenium to simulate the effect of the oxide layer. The parameters are listed in table S1. Note that Fe itself is not superconducting; superconductivity is only proximityinduced from the Re substrate. In order to describe the magnet-superconductor hybrid system efficiently, we consider only the effective two-dimensional system, as mentioned before. As a consequence, a superconducting order parameter for Fe, ∆ , explicitly appears in the Hamiltonian, to account for the proximity-induced superconductivity. Deconvoluted spectra and LDOS maps obtained with different  parameter values of (A) 0.005, (B) 0.05, (C) 0.5, (D) 5, and (E) 7.25. The spectra in the first column are deconvoluted spectra from the raw data in Fig. 1E for Re(0001)-O(2×1) (black), the Fe ML island (blue), and the edge of the Fe island (red) after applying the transformation matrix with different  parameter values. The LDOS maps in each row are the corresponding deconvoluted data sets at different energies. The deconvoluted spectra and LDOS maps in (E) are used for the main-text with an optimized parameter  = 7.25, which leads to minimum oscillatory errors in the spectra. . The Chern number is 3, when the system is gapped, and 0 when the gap closes. The hybrid couplings are set to zero, =1.6 meV, =0.48 meV, and =2.24 meV. As expected, the Chern number changes when the gap closes. Table S1 were used. Here, Δ 0 is the s-wave order parameter and Δ gap is the calculated gap in the magnetic island (Δ gap =0.62Δ 0 ). Such a large value of Δ 0 is necessary in order to obtain a coherence length that is smaller than the size of the island, otherwise no well-defined edge modes can be observed. As the energy increases, the weight of the LDOS moves from the edge of the magnetic island toward the center, similar to the results shown in Fig. 2 of the main text. (H) Intensity plot of the LDOS as a function of position (along a cut through the island) and energy, showing the energy evolution of the edge modes. 
